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PEEFACE. 



Feom the primitive piao torch to the paraf- 
fine candle, bow wide an interval! between 
1 bow vast a contrast I The means adopt- 
■ man to illuminiLte his home at night 
mp at once his position in the scale of civili- 
The fluid bitumen of the far East, 
; in rude vessels of baked earth; the 
1 lamp, exquisite in form, yet lU adapt- 
Ice ; the whale, seal, or bear iat, 
ing -the hut of the Esquimaux or Lap with 
)dor rather than Hght; the huge was candle 
I on the glittering altar; the range of gas-lamps 
|ii our streets, all have their stories to teli. All , 
f they could speak (and after their own man- 
ner they can), might warm our hearts in telling 
low they have ministered to man's comfort, 
. love of home, toil, and devotion. 

Surely, among the millions of flre-worsbipers 
e-users who have passed away in earlier 



^ 



ages, some have pondered over the mystery of 
fixe ; perhaps some elear minds have guessed 
shrewdly near the trath. Think of the time 

I man has Uved in hopeless ignorance; think 
ttat only during a period which might be 

I spanned by the life of one man has the truth 

I been known I 

I Atom by atom, Unt by link, has the reason- 
ing chain been forged. Some links too quickly 
and too slightly made have given way, and 

I been replaced by better work; but now the 
great phenomena are known, the outline is cor- 
rectly and firmly drawn, cimning artists are 

I filling in tke rest, and the child who masters 

' these Lectures knows more of fire than Aris- 

' totle. 

I The candle itself is now made to light up the 
dark places of nature ; the blowpipe and the 

I prism are adding to our knowledge of the 

r earth's crust, but the torch must come first. 
Among the readers of this book, some few 
may devote themselves to increasing the stores 

I of knowledge: the Lamp of Science miwi hum. 

\ "Alere flammam." W. C, 
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CHEMICAL HISTORY OF A CASDLE. 



1 



tLECTUEE I. 
A candle: the PLA3IE — ITS ( 

STBUCTORB — MOBILITT — BRIGHTNESS. 

I PUKFOSE, in return for tlie honor yon do 

ns by coming to see -what are our proceedings 

there, to bring before yoa, in the coarse of 
these lectarea, the Chemical History of a Can- 
dle. I have taken this subject on a former oc- 
casion, and, -were it left to my own ■will, I 
shonld prefer to repeat it almost every year, 
BO abundant is the interest that attaches itself 
to the subject, so wonderful are the varieties 

I of outlet which it offers into the various de- 
partments of philosophy. There is not a law 
under which any part of this universe is gov- 
erned which does not come into play and ia 



PRIMITIVE CANDLES. 

lucliecl upon in tUeso plienomena. There is 
better, there is no more open door by which 
'ou can enter into the study of natural phi- 
j than by considering the physical phe- 
imcna of a caudle. I trust, therefore, I shall 
appoint you in choosing this for my sub- 
ject rather than any newer topic, ■which could 
it be better, were it even so good. 
And, before proceeding, let me say this also: 
that, though our subject be so great, and our 
intention that of treating it honestly, serijjusly, 
.and philosophically, yet I mean to pass away 
.from all thoee who are seniors among ua. I 
■daim the privilege of speaking to juveniles as 
' a juvenile myself. I have done so on former 
occasions, and, if you please, I shall do so again. 
And, though I stand here with the knowledge 
of having the words I utter given to the world, 
yet that shall not deter mc from speaking in 
the same familiar way to those whom I esteem 
nearest to me on this occasion. 

And now, my boys and girla, I must first tell 
you of what candles are made. Some are great 
curiosities. I have here some bits of timber, 
branches of trees particularly famous for their 
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ftuming. And here you see a piece of that 

■ very curious substance, taken out of some of 
" the boga in Ireland, called candle-wood; a hard, 

strong, excellent wood, evidently fitted for good 
work as a register of force, and yet, withal, 
burning so well that where it is found they 
make spHnters of it, and torches, since it bums 
like a candle, and gives a very good light in- 
deed. And in this wood we have one of the 
most beautiful illustrations of the general na- 
ture of a candle that I can possibly give. The 
fuel provided, the means of bringing that fuel 
to the place of chemical action, the regular and 
gradual supply of air to that place of action — 
heat and light — all produced by a little piece 
of wood of this kind, forming, in fact, a natu- 
ral candle. 

But we must speak of candles as they are in 
merce. Here are a couple of candles com- 
fcmonly called dips. They are made of lengths 
■of cotton cut off, hung up by a loop, dipped 
linto melted tallow, taken out again and cooled, 
Ithen redipped, until there is an accumulation 

■ of tallow round the cotton. In order that you 
I may have an idea of th e various characters of 
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MtNEBS CANDLES. 



theae candles, you see these which I hold in 
my hand— they are very small and very curi- 
ous. They are, or were, the candles used by 
the minera in coal mines. In olden times the 
miner had to find his own candles, and it was 
supposed that a small candle would not so soon 
Bet fire to the fire-damp in the coal mines as a 
large one ; and for that reason, as well as for 
economy's sake, ho had candles made of this 
Bort^-20, SO, 40, or 60 to the pound. They 
have been replaced since then by the steel-mill, 
and then by the Davy lamp, and other safety- 
lamps of various kinds. I have here a candle 
that was taken out of the Boyal George,{}) it 
ia said, by Colonel Pasley. It has been sunk 
in the sea for many years, subject to the action 
of salt water. It shows you how well candles 
may be preserved; for, though it is cracked 
about and broken a good deal, yet when light- 
ed it goes on burning regularly, and the tallow 
resumes its natural condition aa eoon as it is 
fused, 

Mr. Field, of Lambeth, has supplied me 
abundantly with beautiful illustrations of the 
candle and its materials ; I shall therefore now 
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STEAJBIN OiNELES. 13 

refer to them. And, first, there is the suet — 
the fat of the ox — Eussian tallow, I believe, 
employed in the manufacture of these dips, 
■wMch Gaj-Lussac, or some one who intrusted 
him with iiifl knowledge, converted into tliat 
beautiful substance, stearin, wliicli you see ly- 
ing beside it. A candle, you know, is not now 
a greasy thing like an ordinary tallow candle, 
but a clean thing, and you may almost scrape 
off and pulverize the drops which faU from it 
without soiling any thing. This is the process 
he adopted:(^) The fat or tallow is first boiled 
with quick-Hme, and made into a soap, and thai 
the soap is decomposed by sulphuric acid, which 
takes away the lime, and leaves the fat rear- 

■ ranged as stearic acid, while a quantity of gly- 
cerin is produced at the same time. Glycerin 
— absolutely a sugar, or a substance similar to 
sugar — comes out of the tallow in this chemical 

'Change. The oil is then pressed out of it ; and 
you see here this series of pressed cakes, show- 
ing how beautifully the impurities are carried 
out by the oily part as the pressure goes on in- 
creasing, and at last you have left that sub- 

.stance, which is melted, and cast into candles 
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I as here represented. Tiie candle I have in my 

I hand is a stearin candle, made of stearin fiom 

I- tallow in the way I have told you. Then here 

f ifl a spenn candle, which comes from the pmi- 

I fied oil of the spermaceti whale. Here, also, are 

r yellow bees' -wax and refined bees'-wax, from 

■which candles are made. Here, too, is that 

curious substance called paraffine, and bcsiob 

; paraffine caudles, made of paraffine obtained 

I from the bogs of Ireland. I have here also a 

substance brought from -Japan since we hare 

j forced an entrance into that out-of-the-way 

place — a sort of wax which a kind friend haa 

I Bent me, and which forms a new material for 

I the manufacture of candles. 

And how are these candles made? I have 
told you about dips, and I will show you how 
moulds are made. Let us imagine any of these 
candles to be made of materials which can be 
eaflt. " Cast I" you say. " Why, a candle is a 
thing that melts, and surely if you can melt it 
you can cast it." Not so. It is wonderful, in 
the progress of raanu&cture, and in the consid- 
eration of the means best fitted to produce the 
required result, how things turn up which one 



TALLOW CANDLES. 



I 

I 

I 



would not expect beforehand. Candles can 
not always be cast. A wax candle can never 
be cast. It is made by a particular process 
■which I can illustrate in a minute or two, but 
I must not spend mucli time ou it. Wax is a 
thing which, burning so welJ, and melting ao 
easily in a candle, can not be cast. However, 
let us take a material that can be cast. Eere 
is a frame, with a number of moulds fastened in 
it. The first thing to be done is to put a wick 
through them. Here is one — a plaited wick, 
which docs not require anuf&ng(^) — supported 
by a little wire. It goes to the bottom, where 
it is pegged in ; the Httle peg holding the cot- 
ton tight, and stopping the aperture so that 
nothing fluid shall run out. At the upper part 
.there is a little bar placed across, which stretch- 
es the cotton and holds it in the mould. The 
tallow is then melted, and the moulds are filled. 
After a certain time, when the moulds are cool, 
the excess of tallow is poured off at one comer, 
and then cleaned off altogether, and the ends 
of the wick cut away. The candles alone then 
remain in the mould, and you have only to 
upset them, as I am doing, when out they turn- 
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WAX CANDLES. 



, blo, for the candles are made in the form of 
cones, being narrower at the top than at the 
I bottom ; so that, what with their form and their 
I own shrinking, they on]y need a little ahaldng 
I and out they fall. In tlie same way are made 
I these candies of stearin and of paraffine. It is 
' a curious thing to see how wax candles are 
Oiade. A lot of eottona are bung upon frames, 
OB you soo hero, and covered with metal tags at 
the oada to keep the wax from covering the 
cotton iu those ]>laocs. These are carried to a 
boater, whore the wax is melted. As you see, 
tbo frames can turn round ; and, as they turn, 
a man takes a vessel of wax and pours it first 
down one, and then the next, and the nexl^ 
nod so on. When he has gone once round, if 
; h is sofBciently cool, be gives the first a second 
' 00at,aiitl 90 on nnti] they arc all of the required 
fliictcneas. When they bav« Ijccn thus clothed, 
or fed, or made ap to that tbicknciut, they are 
L taken off and pla/icA dserwhcrc. I bavo here, 
w^ tb* JdndaeMi uf Ms, VuM, aeveral mpecimens 
mf^mi4mStm. tlafviiiuwtnlybalffiiiiBh- 
BB. Tbi7 Kt» Ibm Mtwrn Stmn ami well roll- 
ed i^poa M Aim utttm lilmh, ntui llm r/niical top 
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is moulded by properly shaped tubes, and the 
bottoms cut off and trimmed. This is done so 

» beautifully that they can make candles in this 
Way weighing exactly four or six to the pound, 
or any number they please. 

We must not, however, take up more lime 
about the mere raanu&cture, but go a little 
ferther into the matter, I have not yet refer- 

ried you to luxuries in candles (for there is such 
a thing as luxury in candles). See how beau- 
tifally these are colored; you see here mauve, 
Magenta, and all the chemical colors recently 
introduced, applied to candles. You observe, 
also, different forma employed. Here is a 
fluted pillar most beautifully shaped; and I 
have also here some candles sent me by Mr, 
Pearsall, which are ornamented with designs 
upon them, so that, as they bum, you have, as 

»lt were, a glowing sun above, and a bouquet of 
flowers beneath. All, however, that is fine and 
Beautiful is not useful. These fluted candles, 
pretty as they arc, are bad candles ; they are 
bad because of their external shape. Never- 
■tiieless, I show you these specimens, sent to me 
rom kind friends on all sides, that you may 
B 
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Bee what ia done and what may be done in this 
or that direction; although, as I have said, 
when we corae to these refinements, we are 
obliged to sacrifiee a little in utility. 

Now as to the light of the candle. "We will 
light one or two, and set them at work in the 
performance of their proper functions, Yoa 
observe a candle ia a very different thing &om 
a lamp. With a lamp you take a little oil, flU 
your vessel, put in a little moss or some cotton 
prepared by artifieial means, and then light the 
top of the wick. When the flame rana down 
the cotton to the oil, it gets extinguished, but 
it goes on burning in the part above. Now I 
have no doubt you wiU ask how it is that the 
oil which wd not bum of itself gets up to the 
top of the cotton, where it will bum. We 
shall presently examine that; but there ia a 
much more wonderful thing about the burning 
of a candle tban thia. You have here a soHd 
substance with no veaael to contain it; and 
how is it that this solid substance can get np i 
to the place where the flame ia? How ia it 
that this solid gets there, it not being a fluid? 
or, when it is made a fluid then how is it that 
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3 together 1 Thia is a wonderful thing 
about a candle. 

We have here a good deal of wind, which 
will help us in some of our illustrations, but 
tease us in others ; for the sake, therefore, of a 
little regularity, and to simplify the matter, I 
shall make a quiet flame, for who can study a 
subject when there are difficulties in the way 
not belonging to it? Here is a clever inven- 
tion of some costennongcr or strect-stander in 
the market-place for the shading of their can- 
dles on Saturday nights, when they are selling 
their greens, or potatoes, or fish. I have very 
often admired it. They put a lamp-glass round 
the candle, supported on a kind of gallery, 
which clasps it, and it can be slipped up and 
down as required. By the use of this lamp- 
glaas, employed in the same way, you have a 
steady flame, which you can look at^ and care- 
fully examine, as I hope you will do, at home. 
You see then, in the first instance, that a 
heautiful eup is formed. As the air comes to 
the candle, it moves upward by the force of the 
current which the heat of the candle produces, 
md it so coola all the sides of the wax, tallow. 
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or fuel aa to keep the edge much cooler than 
the part within ; the part within melta by tlie 
flame that runs down the wick aa far as it can 
go before it is extinguished, but the part on 
lihe outside does not melt. If I made a current 
in one direction, my cup would be lop-sided, 
and the fluid would consequently run over; 
for the same force ofgravity which holds worlds 
together holds this fluid in a horizontal position, 
and if the cup be not horizontal, of course the 
fluid will run away in guttering. You see, 
therefore, that the cup is formed by thia beau- 
tifully regular ascending current of air playing 
upon all sides, which keeps the exterior of the 
candle cool. No fuel would serve for a candle 
which has not the property of giving this cup, 
except such fuel as the Irish bog-wood, where 
the material itself is Uke a sponge and holds its 
own fuel. Ton see now why you would have 
had such a bad result if yon were to bum these 
beautiful candles that I have shown you, which 
are irregular, intermittent in their shape, and 
can not, therefore, liave that nicely-formed edge 
to the cup which is the great beauty in a can- 
dle. I hope you will now see that the perfec- 
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tion of a process — tliat is, ita utility — is the bet- 
ter point of beauty about it. It is not the beat 
» looking thing, but the best acting thing, which 
Ib the most advantageous to us. This good- 
loolcing candle is a bad-burning one. There 
will be a guttering round about it because of 
the irregularity of the stream of air and the bad- 
ness of the cup which is formed thereby. You 
may see some pretty examples {and I trust you 
will notice these instances) of the action of the 
aacending current when you have a little gutter 
run down the side of a candle, making it thick- 
er there than it is elsewhere. As the candle 
goes on burning, that keeps its place and forms 
a little pillar sticking up by the side, because, 
aa it rises higher above tho rest of the wax or 
^^el, the air gets better round it, and it is more 
Btooled and better able to resist the action of the 
heat at a little distance. Now the greatest mis- 
takes and faults with regard to candles, as in 
many other things, often bring with them in- 
struction which we should not receive if they 
had not occurred. "We come here to be philos- 
riOphers, and I hope you will always remember 
iat whenever a result happens, especially if it 
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L be new, you should say, ""WTiat is tte cause? 

I Why does it occur?" and you will, in the 

I course of time, find out the reason. 

I Then there is another point about these can- 

J dies which will answer a question — that is, as 
to the way in which this fluid gets out of the 
cup, up the wick, and into the place of com- 
bustion. You tnow that the flames on these 
burning wicks in candles made of bees'-was^ 
stearin, or spermaceti, do not run down to the 
wax or other matter, and melt it all away, hut 
keep to their own right place. They are fenced 
off from the fluid below, and do not encroadi 
on the cup at the sides. I can not imagine a 
more beautiful example than the condition of 
adjustment under which a candle makes one 
part Bubaerre to the other to the Yery end of 
its action, A combustible thing like that, burn- 
ing away gradually, never being intruded upon 
hy &t fiam«, in a very beautiful sight, especial- 
ly when yon rxtme to learn what a vigorous 
flrfng flMoe is— -what power it ha« of destroy- 
ing the w«* Hmif wliCTi it get* hold of it, and 
d^kttnUttfi h9 ytffpfjf ttmn if ll t-njiati only too 
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But how does the flama get hold of the fuel ? 
ere is a beautiful point about that — capillary 
l(^) "Capillary attraction!" you say 
— " the attraction of haira," Well, never mind 
the name ; it was given in old times, before we 
had a good understanding of what the real 
power was. It is by what ia called capillary 
attraction that the fuel is conveyed to the part 
where combustion goes on, and is deposited 
there, not in a careless way, but very beauti- 
fully in the very midst of the centre of action, 
which takes place around it. Now I am going 
4o give you one or two inBtances of capillary 
attraction. It ia that kind of action or attrac- 
tion which makes two things that do not dis- 
solve in each other still hold together. When 
you wash your hands, you wet them thorough- 
ly ; you take a little soap to make the adhesion 
better, and you find your hand remains wet. 
is is by that kind of attraction of which I 
about to speak. And , what is more, if your 
■hands are not soiled {as they almost always are 
by the usages of life), if you put your finger 
into a httie warm water, the water will creep a 
way up the finger, though you may not 
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I hare here a substance 
ntber poroos — a colonm of salt — 
poor inu tlie plate at the bottom, 
iter, as it ^tpeais, bot a sataiated soluldoQ 
vhich caa not absoib more, so that the 
iriuok yoa see 'viU sot be doe to its 
dJaaolrteg any tluag. We may consider the 
pUto to b« Uw eaodle^ and the salt the wick, 
wd ttua sohttioo the melted tallow. (I have 
Oolond tkft ftttid, that yoa maj gee the action 
bettvr.) Yott observe that, &ow I pour in the 
twiA, U riara and gradually creeps np &e salt 
biglwr and higher; and prorided the colonm 
(Iwa not tumH« OTtr, it will go to the top. If 




ilila Who noluliou woro combustible, and we 
W«h) liu [ilinHt n wiuk «t tlio toj> of the salt, it 
WKiild liiu'ii (v^ it t^ittKiW into tho wick. It is 
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a most curioua thing to see this kind of action 
taking place, and to observe how singular some 
of the circumstances are about it. When you 
wash your hands, you take a towel to wipe off 
the water ; and it is by that kind of wetting, or 
that kind of attraction which makea the towel 
become wet with water, that the wick is made 
wet with the tallow. I have known some care- 
less hoys and girls (indeed, I have known it 
happen to careful people as well) who, having 
washed their hands and. wiped them with a 
towel, have thrown the towel over the side of 
the basin, and before long it has drawn all the 
water out of the basin and conveyed it to the 
floor, because it happened to be thrown over 
the side in such a way aa to serve the purpose 
of a siphon.C) That yon may the better see 
the way in which the substances act one upon 
another, I have here a vessel made of wire 
gauze filled with water, and you may compare 
it in its action to the cotton in one respect, or 
to a piece of calico in the other. In fact, wicks 
are sometimes made of a kind of wire gauze. 
You will observe that this vessel is a porous 
^ng ; for if I pour a little water on to the top, 
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it will ran out at the tottom. You would be 
puzzled for a good while if I asked yon what 
the state of tbia vessel is, what is inside it, and 
why it is there? The vessel is full of water, 
and yet you see the water goes in and runs out 
OB if it were empty. In order to prove this to 
you I have only to empty it. The reason ia 
this: the wire, being once wetted, remains wet; 
the meshes arc so small that the fluid is at- 
tracted so strongly from the one side to the 
other as to remain in the vessel, although it^ ia 
porous. In like manner, the particles of melted 
tallow ascend the cotton and get to the top; 
other particles then follow by their mutual at- 
traction for each other, and as they reach the 
flame they are gradually burned. 

Here is another application of the same prin- 
ciple. You Bee this bit of eane. I have seen ' 
boys about the streets, who are very anxious to 
appear like men, take a piece of cane, and light 
it, and smoke it, as an imitation of a cigar. 
They are enabled to do so by the permeabiHty 
of the cane in one direction, and by its capil- 
larity. If I place this piece of cane on a plate 
containing some camphene {which is very much 
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like paraffine in its general character), exactly 
in tlie same manner as the blue fluid rose 
ihroiigli the salt will this fluid rise tiirongfa the 
piece of cane. There being no pores at the 
Bide, the fluid can not go in that direction, bat 
must pass throngh its length. Already the 
fluid is at the top of the eane ; now I can light 
it and make it serve as a candle. The fluid 
has risen by the capillary attraction of the 
piece of cane, j ust as it does through the cotton 
in the candle. 

Now the only reason why the candle does 
not burn all down the side of the wick is that 
the melted tallow extinguishes the flame. You 
know that a candle, if tamed upside down, so 

to allow the fuel to run upon the wick, will 
be put out. The reason is, that the flame has 
BOt had time to make the fuel hot enough to 
bum, as it does above, where it is carried in 
, small quantities into the wick, and has all the 
efieot of the heat exercised upon it. 

There is another condition which you must 
learn as regards the candle, without which you 
■would not be able fully to understand the phi- 
'losophy of it, and that is the raporous condition 
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g aoooniiug b> the ^jce of the candle. It is a 
A oUoD^ bri^ter at the top thsa toward 
m, with the yhck in the middle, and, 
besides tlie wick iu the middle, certain darker 
parts toward the bottom, where the ignition is 
not so perfect as in the part above. I have a 
drawing here, sketched many years ago by 
Hooker, when bo made bis investigationa. It 
is the drawing of the flame of a lamp, but it 
will apply to the flame of a candle. The cup 
of the candle is the vessel or lamp ; the melted 
apermaceti ia the oil ; and the wick is common 
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to both. Upon Hat le acb Ais &de flo^ 
and theo be iqire ae u is wbatis <ia(^«eer«M 
qaantitf of matter nsii^ aboot it niack ysa do 
not see^ and which, if yoa favre not been bae 
befine, Of are not &miliar with the sibyectt 7<M 
will not know o£ He h»shere iqaiwji^ the 
parts of the Bnirwiiiding rt*T*m^JT'y ^nt aze 
very essential to the flame, and tbitaie ahnys 
present witb it There ia a carreot fcgmei^ 
which draws the flame oat ; &» the flame which 
yon see is reallj drawn cot by the dnrcst, aod 
drawn upward to a great height, just as Hof^a 
has here shown you by that prolongatioa of the 
current in the diagram. Ton may see this by 
taking ^ lighted candle, and patting it in the 
sun so as to get its shadow thrown on a jaoee 
of paper. How remarkable it is that that 
thing which is light enough to prodnce shadows 
of other objects can be made to throw its own 
shadow on a piece of white paper or card, so 
that you can actually see streamitig round the 
flame something which is not part of the flame, 
but is ascending and drawing the flame upward. 
Now I am going to imitate the sunlight by ap- 
plying the voltaic battery to the electric lamp. 
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observe the shadow of the caodle and of t^e 
wick; then there is a darkish part, as ropre- 
Bented in the diagram, and then a part which 
is more distinct. Curiously enough, however, 
what we see in the shadow as the darkest part 
of the flame is, in reality, the brightest part; 
and here you see streaming upward the ascend- 
ing current of hot air, as shown by Hooker, 
which draws out the flame, supplies it with air, 
. and cools the sides of the cup of melted fiiel. 
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I can give you here a little farther illnstra- 
tion, for the purpose of showing you how flame 
goes up or down according to the current I 
have here a flame — it is not a caudle flame — 
but you can, no doubt, by this time generalize 
enough to be able to compare one thing with 
another : what I am about to do is to change the 
ascending current that takes the flame upward 
into a descending current. This I can easily 
do by the little apparatus you see before me. 




The flame, as I have said, is not a candle flame, 
but it is produced by alcohol, so that it shall 
I, not amoke too much. I will also color the 
me with another subBtance,(*) so that you may 
C 
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trace its course ; for, with ihe spirit alone^ J 
could hardly see well CDOUgh to hare the oppor- 

tanitj of tracing its diiei:tioii. Bj lighting 
this spirit of wine we have then a Same pro- 
duced, and yon observe that when held in the 
air it naturally goes apnard. You understand 
now, easily enough, why Sames go up under 
ordinary circumstances : it is because of the 
draught of air by which the. combustion ia 
formed. But now, by blowing the flame down, 
you see I am enabled to make it go downward 
into this httle chimney, the direction of the 
current being changed. Before we have con- 
cluded this course of lectures we shall show you 
a lamp in which the flame goes up and the 
smoke goes down, or the flame goes down and 
the smoke goes up. You see, then, that we 
have the power in this way of varying the 
flame in different directions. 

There are now some other points that I must 
bring before you. Many of the flames you see 
here vary very much in their shape by the 
currents of air blowing around them in diEferent 
directions ; but we can, if wc hke, make flames 
BO that they will look like fixtures, and we can 
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photograph them — iDdeed, we have to photo- 
graph them — so that they become fixed to ua, 
if we wish to fiii4 out every thing concerning 
ithem. That, however, is not the only thing^ 
wish to mention. If I taJce a flame anfficiently 
large, it does not keep that homogeneous, that 
uniform condition of shape, but it breaks out 
with a power of Hfe which is quite wonderful. 
I am about to use another kind of fuel, but one 
which is truly and fairly a representative of the 
wax or tallow of a candle. I have here a large 
ball of cotton, which will serve as a wick. 
And, now that I have immersed it in spirit and 
applied a light to it, in what way does it differ 
&om an ordinary candle ? Why, it diflera very 
much in one respect, that we have a vivacity 
.d power about it, a beauty and a life entirely 

ierent irom the light presented by a candle. 
You see those fine tongues of flame rising up. 
You have the same general disposition of the 
masa of the flame from below upward, but, in 
to that, you have this remarkable 

laking out into tongues which you do not 
irceive in the case of a candle. Now, why is 
? I must explain it to you, because, when 
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ou understand that pexfectly, you will be able 

follow me better in what I have to s 



say 



here- 



after. I suppose some here will havo made for 
themaelyes the experiment I am going to show 
you. Am I right in supposing that any body 
here has played at snapdragon? I do not 
know a more beautiful illustration of the phi- 
losophy of flame, as to a eertain part of its 
history, than the game of snapdragon. First, 
here is the dish; and let me say, that when 
you play snapdragon properly you ought to 
have the dish weU warmed ; you ought also to 
have warm plums, and warm brandy, which, 
however, I have not got. When you have put 
the spirit into the dish, you have the cnp and 
the fuel; and are not the raisins acting lite 
the wicks? I now throw the pinms into the 
dish, and light the spirit, and you see thoae 
beautiful tongues of flame that I refer to. 
Yon have the air creeping in over the edge of 
the dish forming these tongues. Why? Be- 
cause, through the force of the current and the 
irregularity of the action of the flame, it can 
not flow in one uniform stream. The air flows 
regularly that you have what would 
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^■^erwise be a single image broken up into 
^Bb variety of forms, and each of these little 
^^ tongues lias an independent existence of its own. 
Indeed, I might say, you have here a multitude 
of independent candles. Yoa must not imagine, 
because you see these tongues all at once, that 
the flame is of this particular shape, A flame 

I of that shape is never so at any one time. 
Never is a body of flame, like that which you 
just saw rising from ttc ball, of the shape it 
appears to you. It consists of a multitude of 
different shapes, saeeeeding each other so fast 
that the eye is only able to take cognizance of 
them all at once. In former times I purposely 
analyzed a flame of that general character, and 
the diagram shows you the different parts of 
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irHch i: is conroseL Tber oo nol occur all 
ai once : ii is OvlIt riec&:3se ve see iheae shi^Ks 
iu such r&pid sTirCOStsicsi zai ibey seem to ns 
to exist all &: or:e lirML 

It is too bad thai ire bare sot got &rther 
tlrauniTgameof snapdra^cm: bmiremnstno^ 
uiidor any ciwurnssaDces. keep tou beyond yonr 
tiuu\ It vill be a lesson to me in fatnre to 
hold you morx? stricily to the philoeophy of the 
thing than to take up your time so much with 
those illustrations. 
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LECTURE n. 

DANDLE : BRIGHTNESS OF THE FLAME. - 
AIK NECESSARY FOR COMBUSTION. — PRO- 
DUCTION OF WATER. 

"We were occupied the last time we met in 
tconsidering the general character and arrange- 
meot as regards the fluid portion of a candle, 
and the way in which that fluid got into the 
place of combustion, you see, when we have 
a candle burning fairly in a regular, steady at- 
lere, it will have a shape something like 
the one shown in the diagram, and will look 
ty uniform, although very carious in its 
And now I have to ask your at- 
tention to the means by "which we are enabled 
to ascertain what happens in any particular 
part of the flarae ; why it happens ; what it 
oes in happening; and where, after all, the 
■hole candle goes to; because, as you know 
a candle being brought before us 
id burned, disappears, if burned properly, 
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witbout the least trace of dirt in the candle- 
Btick ; and tliia is a very curious circumstance, 
In order, then, to examine this candle carefully, 
I Lave arranged certain apparatus, tlie use of 
wtiich you wUl see as I go on. Here is a. can- 
dle ; I am about to put the end of tliia glass 
tul>e into the middle of the flame — into that 
part which old Hooker has represented in the 
diagram as being rather dark, and which you 
can see at any time if you will look at a candle 
carefully, without blowing it about. "We will 
examine this dark part first. 




I 



VAPOR FBOM INTEKIOR OF FLAME. 41 
Now I take this bent ^aaa tube, and intro- 
duce one end into that part of the flame, and 
jou see at once that something is coming from 
the flame, out at the other end of the tube ; 
and if I put & flask there, and leave it for a 
little while, you will see that something from 
the middle part of the flame is gradually drawn 
out, and goes through the tube, and into that 
flask, and there behaves very differently from 
■what it doea in the open air. It not only es- 
capes from the end of the tube, but falls down 
to the bottom of the flaak like a heavy sub- 
stance, as indeed it is. We flud that tfaia is 
the wax of the candle made into a vaporous 
fluid — not a gas, (Tou: must learn the differ- 
ence between a gas and a vapor ; a gas remains 
permanent; a vapor is something that will 
condense.) If you blow out a candle, you per- 

tceive a very nasty smell, resulting from the 
condensation of this vapor. That is very dif- 
ferent from what you have outside the flame; 
and, in order to make that more clear to you, 
I am about to produce and set fire to a larger 
portion of this vapor; for what we have in 
kthe small way in a candle, to understand 
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thoroughly, we must, as philosophers, prodiKB 
in a larger way, if needful, that we may ex- 
amine the different parts. And now Mr. An- 
derson will give me a source of heat, and I am 
about to show you what that vapor is. Here 
is some wax in a glass fiosk, and I am going 
to make it hot, as the inside of that candle- 
flame is hot, and the matter about the wick is 
hot [The lecturer placed some wax in a glasB 
flask, and heated it over a lamp.] Now I 
dare say that is hot enough for me. You see 
that the wax I put in it has become fluid, and 
there is a little smoke coming from it. We 
shall very soon have the vapor rising up. I 
will make it still hotter, and now we get more 
of it, BO that I can actually pour the vapor 
out of the flask into that basin, and set it on. 
fire there. This, then, is exactly the same kind 
of vapor as we have in the middle of the can- 
dle ; and that you may be sure this is the case, 
let us try whether we have not got here, in 
this flask, a real combustible vapor out of the 
middle of the candle. [Taking the flask into 
which the tube from the candle proceeded, and 
introducing a lighted taper.] See how it 
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bums. Now tliis is the vapor from tlie middle 
of the candle, produced by its own heat ; and 
that 13 one of the first things you have to con- 
sider with respect to the progress of the wax in 
the course of its combustion, and as regards the 
changes it undergoes. I will arrange another 
tube carefully in the flame, and I should not 
wonder if we were able, by a little care, to get 
that vapor to pass through the tube to the 
other extremity, where we will light it, and 
obtain absolutely the flame of tlie candle at a 
place distant &om it. Now, look at that. Js 



lot that a very pretty experiment? Talk 
lout laying on gas — why, we can actually lay 
n a candle ! And vou see from this that there 



l4A DunsMtToos or bkat or a i 
Lare clecuij two difiereot kiiids cf a 

ium of the r^ior, sad the other tbe 
of it — both of which take place ID 
puts of the candle, 
get no vapor tmrn that part which ia 
burnt If I raise Uie tube (Fig. 7) to 
tto upper part of the flame, so soon as the 
vapor hm been swept out what comes away 
irill bo no longer combustible; it is already 
burned, flow burned? Why, burned thna: 
In llio midillo of the flame, where the wick ia, 
tliero is tbia combuatiblo vapor; on the out* 
■ide of the flame ia the air which we shall find 
tecoBBury for the burning of the candle ; be- 
tween tlie two, intense chemical aftion takes 
plftOn, whereby the air and the fuel act upon 
^Mt'li nlhoi', luid at the very same time that we 
•btttln li^ht llio vapor inside is destroyed. If 
I^HI t<xniiiino whore the heat of a candle is, you 
WU HihI It very curiously arranged. SuppOise 
I **k* Itita iMniiillD, and hold a piece of paper 
*> *it4****t h\w lltunp, where is the heat of that 
•^ U^ yvw not see that it is not in the 
l>fr U l« iu H ring, exactly in the place 
"" %%A4j*V»mW'i>lt«nical action was; and 
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even in my irregular mode of making the ex- 
periment, if there is not too mnch disturbance, 
there will always be a ring. This is a good 
^periment for you to make at home. Take a 
Btrip of paper, have the air in the room quiet, 
and put the piece of paper right across the 
middle of the flame — (I must not talk while I 
make the experiment) — and you wiU find that 
it is burnt in two places, and that it ia not 
burnt, or very little so, in the middle; and 
when you have tried tho experiment once or 
twice, 80 as to make it nicely, you wiU be very 
interested to see where the heat is, and to find 
that it is where the air and the fuel come to- 
gether. 

This ia most important for us as we proceed 
with our subject. Air ia absolutely necessary 
for combustion ; and, what is more, I must have 
you understand that fresh air ia necessary, or 
.ftke we should be imperfect in our reasoning 
and our experiments. Here is a jar of air; I 
place it over a candle, and it bums very nicely 
in it at first, showing that what I have said 
about it is true ; but there will soon be a change. 
See how the flame ia drawing upward, present- 
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]y fading, and at laal going oat 
OQt, why? Not because it wanta mr mereTj, 
for the jar is as full now as it was before; bnt 
it wanta pure, fresh air. The jar is full of air, 
partly changed, partly not changed ; but it 
does not contain sufficient of the fi^ah air 
which is necessary for the combustion of a 
candle. These are all points which we, as 
young chemists, have to gather up ; and if we 
look a little more closely into this kind of 
action, we shall find certain steps of reasoning 
extremely interesting. For instance, here iB 
the oil-lamp I showed you — an excellent lamp 
for our experiments — the old Argand lamp. 
I now make it like a candle [obstructing the 
passage of air into the centre of the flame] ; 
there is the cotton ; there is the oil rising up in 
it; and there is the conical flame. It bums 
poorly because there is a partial restraint of air. 
I have allowed no air to get to it save round 
the outside of the flame, and it does not bum 
well. I can not admit more air from the out- 
side, because the wick is large; but if, as Ar- 
gand did so cleverly, I open a passage to the 
middle of the flame, and so let air come in 
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there, you will see how much more beautifully 
it bums. If I shut the air off, look how it 
smokea ; and why ? We have now some very 
interesting points to study: we have the case 
of the combustion of a candle ; we have the 
case of a candle being put out by the want of 
air; and we have now the case of imperfect 
combustion, and this is to us so interesting that 
I want you to understand it as thoroughly as 
you do the case of a candle burning in its best 
possible manner. I will now make a great 
flame, because we need the largest possible 
illustrations. Here is a larger wick [burning 
turpentine on a ball of cotton]. All these 
things are the same as candles, after all. If 
we have larger wicks, we must have a larger 
supply of air, or we shall have less perfect com- 
bustion. Look, now, at this black substance 
going up into the atmosphere ; there is a regu- 
lar stream of it, I have provided means to 
cany off the imperfectly-burned part, lest it 
should annoy you. Loot at the soots that fly 
off from the flame ; see what an imperfect com- 
bustion it is, because it can aot get enough air. 
■ASThat^ then, is happening? Why, certain 
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bnation. You Bee, thetf, these two great dia- 
tinotions; and upon these differences depend 
all the utihty and all the beauty of flame -which 
we use for the purpose of giving out light. 
When we use oil, or gas, or candle for the par- 
pose of illumination, their fitness all depends 
upon these different kinds of combustion. 

Tliere are such curious conditions of flame 
ihat it requires some cleverness and nicety of 
diBcrimination to distinguish the kinds of com- 
bustion one from another. For instance, here 
is a powder which is very combustible, conast- 
ing, as you see, of separate little particles. It is 
called lycopodiiimfC) and each of these partidea 
can produce a vapor, and produce its own 
flame; but, to see them burning, you would 
imagine it was all one flame. I wUl now set 
flro to a quantity, and you will see the effect. 
We saw a cloud of flame, apparently in one 
body ; but that rushing nojae [referring to the 
Bound produced by the burning] was a proof 
that the combustion was not a continuous or 
regular one. This is the lightning of the pan- 
tomimes, and a very good imitation. [The ex- 
periment was twice repeated by blowing lyco- 
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podium irom a glass tube through a spirit 
flame.] Tbia is not an example of combostioii 
like that of the filings I have been speakiiig ot, 
to whict we must now return. 

Suppose I take a candle and exanuae that 
ptfft of it which appears brightest to oar eyes. 
Why, there I get these black particks, which 
already you have seen many times cvohred fixMH 
the flame, and which I am now abont to ertdve 
in a different way. I will take this candle and 
clear away the gutterage, which occurs by rea- 
son of the currents of air ; and if I now airaoge 
a glasa tube so as just to dip into this luminous 
part, as in our first experiment, only higher, 
you see the resulL In place of having the 
same white vapor that yon bad before, yon 
I will now bare a black Tf^wr. There it goe% 
[ as black as jtik. It is certainly very di&ient 
&om the white vapor ; and when we pat a light 
to it we shall find thai; it does not bom, bat 
that it puts the light out Well, these parti- 
clee, as I said before, are just the smoke of the 
candle ; and this brings to mind that old em- 
. ployment which Dean Swi& recommended to 
■aerrants for their amsaeinent, namely, writing 
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to glow. This is the pipe through which V9 
convey this particular gas, which we call hy- 
drogen, and which you shall know all about 
next time we meet. And here is a substance 
called oxygen, by means of which this hydro- 
gen can bujn ; and although we produce, by 
their mixture, far greater heat(*) than yon can 
obtain from the candle, yet there is very little 
light. If, however, I take a solid substance, 
and put that into it, we produce an intense 
light. If I take a piece of lime, a substance 
which will not burn, and which will not vap- 
orize by the heat (and because it does not vap- 
orize remains solid, and remains heated), you 
will soon observe what happens as to its glow- 
ing. I have here a most intense heat produced 
by the burning of hydrogen in contact with 
an; but there is as yet very little 
light — not for want of heat, but for want of 
particles which can retain their solid state ; but 
when I hold this piece of lime in the flame of 
the hydrogen as it burns in the oxygen, see 
how it glows 1 This is the glorious lime light, 

I which rivals the voltaic light, and which is al- 
most equal to sunlight. I have here a piece 
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of carbon or charcoal, wh ich will bum and give 
Tifl light exactly in the same manner as if it 
were burnt aa part of a candle. The heat that 
is in the flatae of a candle decomposes the va- 
por of the wax, and sets free the carbon par- 
ticles ; they rise up heated and glowing aa this 
now glows, and then enter into the air. But 
the particles, when burnt, never pass off from 
a candle in the form of carbon. They go off 
into the ^r aa a perfectly invisible substance, 
about which we shall know hereafter. 

Is it not beautiful to think that such a proc- 
ess is going on, and that such a dirty thing as 
charcoal can become so incandescent? You 
see it comes to tiiis — that all bright flames con- 
tain these solid particles ; all things that bum 
and produce solid particles, either during the 
time they are burning, as in the candle, or im- 
mediately after being burnt, aa in the case of 
the gunpowder and iron filings — all these 
things give ns this glorious and beautiful 

ight. 
I win give you a few illustrationB. Here is 

k piece of phosphorus, which hums with a 
■teight flame. Very well; we may now con- 
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FBODCCTS: WATER FBOM THE COMBUSTION, — 
NATCRE OF WATER. — A OOMPOOND, — HT- 
DROGEN. 

I DARE say you well remember that when we 
parted we had just mentioned the word " prod- 
ucts" from the candle ; for when a candle bums 
we found we were able, by nice adjustment, 
to get various products from it. There was 
one substance which was not obtained when 
the candle was burning properly, which was 
charcoal or smoke, and there was some other 
substance that went upward from the Same 
which did not appear as smoke, but took some 
other form, and made part of that general cur- 
rent which, ascending from the candle up- 
ward, becomes invisible, and escapes. There 
wore also other products to mention. You 
remember that in that rising current having 
its origin at the candle we found that one part 
was condensable against a cold spoon, or agiunat 
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% dean plate, or any other cold thing, and an- 
other part was incondensable. 

We will first take the condensable part, and 
examine it, and, strange to say, we find that 
that part of the product is just water — nothing 
but water. On the last occasion I spoke of it 
incidentally, merely saying that water was pro- 
duced among the condensable products of the 
candle ; but to-day I wish to draw your atten- 
tion to water, that we may examine it care- 
fully, especially in relation to this subject, and 
also with respect to its general existence on the 
surface of the globe- 
Now, having previously arranged an experi- 
ment for the purpose of condensing water from 
the products of the candle, my next point will 
be to show you this water ; and perhaps one of 
the best means that I can adopt for showing its 
presence to so many at once is to exhibit a very 
ble action of water, and then to apply that 
It to what is collected aa a drop at the bottom 
of that vessel. I have here a chemical sub- 
stance, discovered by Sir Humphrey Davy, 
which has a very energetic action upon water, 
'hich I shall use as a test of the presence of 
E 
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water. If I take a little piece of it — it is called 
potassium, as coming from potash — if I take a 
little piece of it, and throw it into that basin, 
you see how it shows the presence of water by 
lighting up and floating about, burning with a 
violet flame. I am now going to take away the 
candle which has been burning beneath the 
veeael containing ice and salt, and you see a 



Fig. 11. 




drop of water — a condensed product of the 
candle — hanging from the under surface of the 
dish. I will show you that potassium has the 
same action upon it as upon the water in that 
basin in the experiment we have just tried. 
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I it takes fire, and burns in just the saniQ 
manner. I will take another drop upon this 
glass slab, and when I put the potassium on to 
it, you see at once, from its taking fire, that 
there is water present. Now that water was 
produced by the eandle. In the same manner, 
if I put this spirit-lamp under that jar, you will 
soon see the latter become damp, from the dew 
which 13 deposited upon it — that dew being the 
result of combustion ; and I have no doubt you 
will shortly see, by the drops of water which 
fall upon the paper below, that there is a good 
deal of water produced from the combustion of 
&e lamp. I will let it remain, and you can 
afterward see how much water has been col- 
lected. So, if I take a gas-lamp, and put any 
cooling arrangement over it, I shall get water 
— ^water being likewise produced from the com- 
btistion of gaa. Here, in this hottle, is a quan- 
tity of water — perfectly pure, distilled water, 
produced from the combustion of a gas-lamp — 
in no point different from the water that you 
distill from the river, or ocean, or spring, but 
exactly the same thing. "Water is one individ- 
ual thing ; it never changes. We can add to it 



J 



68 WATER A EEStTLT OF COMBDSTIOM'. 
by careful adjustment for a little while, or we 
can take it apart and get other things from it; 
but water, as water, remains always the same, 
either in a soUd, hquid, or fluid state. Here 
again [holding another bottle] ia some water 
produced by the combustion of an oil-lamp. A 
pint of oil, when burnt fairly and properly, 
produces rather more than a pint of water. 
Here, again, is some water, produced by a rath- 
er long experiment, from a was candle. And 
so we can go on with almost all combustible 
substances, and find that if they bum with a 
flame, as a candle, they produce water. You 
may make these experiments yourselves: the 
head of a poker is a very good thing to try 
with, and if it remains cold long enough over 
the candle, you may get water condensed in 
drops on it ; or a spoon, or ladle, or any thing 
else may be used, provided it be clean, and can 
carry off the heat, and so condense the water. 

And now — to go into the histoiy of this 
wonderful production of water from combos- 
tibles, and by combustion — I must first of all 
tell you that this water may exist in different 
conditions ; and although you may now be ac- 
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qnainted with all its forma, they still require 
us to give a little atteutioii to them for the 
present ; so that wc may perceive how the wa- 

r, while it goes througli its Protean changes, 
entirely and absolutely the same thing, 
whether it is produced from a candle, by com- 
buBtion, or from the rivers or ocean. 

Pirat of all, water, when at the coldest, ia ice. 
Now we philosopheis — I hope that I may cla£s 
you and myself together in this case — speak of 
water as water, whether it be in its solid, or 

[uid, or gaseous state — ^we speak of it chemi- 

ly as water. "Water is a thing compounded 

of two aubstauees, one of which we have derived 

from the candle, and the other we shall find 

dsewliere. Water may occur as ice; and you 

ive had inost excellent opportunities lately of 
this. Ice changes back into water — for 
we had on our lost Sabbath a strong instance 
of this change by the sad catastrophe which 
occurred in our own house, as well as in the 
houses of many of our friends — ice changes 
back into water when the temperature is raised ; 
Vater also changes into Bteam when it is warmed 
The water which we have here before 
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us is in its densest state ;('') and, although it 
changes in weight, in. condition, in form, and 
in many other quahties, it still is water; and 
whether wo alter it into ice by cooling, or 
whether we change it into steam by heat, it 
increases in volume^ in the one case very 
strangely and powerfully, and in the other case 
very largely and wonderfully. For instance, I 
will now take this tin cylinder, and pour a Httle 
water into it, and, seeing how much water I 
pour in, yon may easily estimate for yourselves 
how high it win rise in the vessel : it will cov- 
er the bottom about two inches. I am now 
about to convert the water into steam for the 
purpose of showing to you the different vol- 
umes which water occupies in its different 
states of water and steam. 

Let us now take the ease of water changing 
into ice : we can effect that by cooling it in a 
mixture of salt and pounded iee{"') — and I shall 
do so to show you the expansion of water into & 
thing of larger hulk when it is so changed. 
These bottles [holding one] are made of strong 
cast iron, very strong and very thick — I suppose 
they are the third of an inch in thickness ; they 
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3 very carefdlly filled with water, so as to 
exclude all air, and then they are screwed down 
itight. We shall see that when we freeze the 
fffater in these iron vessels, tkey will not bo able 
D hold the ice, and the expansion within them 
(rill break them in pieces as these [pointing to 
Bome fragments] are broken, which have been 
ibottles of exactly the sajne kiod. I am about 
to put these two bottles into that mistaro of ice 
and salt for the purpose of showing that when 
Trater becomes ice it changes in volume in this 
extraordinary way. 

In the mean time, look at the change which 
has taken place in the water to which we have 
I5}plied heat ; it is losing its fluid state. You 
inay tell this by two or three circumstances. 
I have covered the mouth of this glass flask, 
in which water is boiling, with a watch-glass. 
J)o you see what happens? It rattles away 
Jike a valve chattering, because the steam 
liang &om the boiling water sends the valve 
np and down, and forces itself out, and so 
s it clatter. You can very easily perceive 
that the flask is quite full of ateam, or else it 
ITOuld not force its way out. You see also that 
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the fiaak contains a substance verj nnich Ij 
than the water, for it filla the whole of the flask 
over and over again, and there it ia blowing 
away into the air ; and jet you can not observe 
soy great diminution in the bulk of the water, 
which shows you that its change of bulk ia very 
■great when it becomes eteam. 

I have put our iron bottles containing water 
into this freezing mixture, that you may see 
what happens. No communication will take 
place, you observe, between the water in the 
bottles and the ice in the outer vessel. But 
•there will be a conveyance of heat from the one 
to the other, and if we are successful — we are 
making our experiment ia very great baste — ^I 
expect you will by-and-by, so soon as the cold 
has taken possession of the bottles and their 
contents, hear a pop on the occasion of the 
bursting of the one bottle or the other, and, 
when we come to esamine the bottles, we shall 
find their contents masses of ice, partly inclosed 
by the covering of iron which is too small for 
them, because the ice is larger in bulk than the 
water. You know very well that ice floats 
upon water; if a boy falls through a hole into 
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the water, he tries to get on the ice again to 
float him up. Why does the ice float ? Think 
of that, and philosophize. Because the ice is 
larger than the quantity of water which can 
produce it, and thereibre the ice weighs the 
lighter and the water i8 the heavier. 

To return now to the action of heat on water. 
Bee what a stream of vapor is issuing from this 
tin vessel. You observe, we must have made 
it quite fuU of steam to have it sent out in that 
great quantity. And now, aa we can convert 
the water into steam "by heat, we convert it 
tack into liquid water by the application of 
cold. And if we take a glass, or any other cold 
thing, and hold it over this steam, see how 
Boon it gets damp with water : it will condense 
it until the glass is warm — it condenses the 
water which is now running down the sides of 
it. I have here another experiment to show 
the condensation of water from a vaporous state 
back into a liquid atate, in the same way as the 
vapor, one of the products of the candle, was 
condensed agaiust the bottom of the dish and 
obtained in the form of water; and to show 
you how truly and thoroughly these changes 
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t^e place, I will take this tin flask, which is 

now full of Bteam, and close the top. "We shall 

see what takea place when we cause this water 

I or steam to return back to the fluid state bj 

[ pouring some cold water on the outside. [The 

I lecturer poured the cold water over the vessel, 

I wlien it immediately collapsed,] You see what 




has happened. If I had closed the stopper, and 
still kept the heat applied to it, it would have 
burst the vessel ; yet, when the steam returns 
to the state of water, the vessel collapses, there 
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being a vacuum produced inside by tbe con- 
densation of the Btcam, I show jou these 
esperiments for the purpose of pointing out 
that in aR these occurrences there ia nothing 
that changes the water into any other thing ; it 
still letoains water ; and so the vessel is obliged 
to give way, and ia crushed inward, as in the 
other case, by the farther application of heat, it 
would have been blown outward. 

And what do you think the bulk of that 

water is when it assumes the vaporous condi- 

I tion? You see that cube [pointing to a cubic 
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I foot]. There, by iia side, ia a cubic inch, exact- 
[ ly the same shape as the cubic foot, and that 
[ bulk of water [the cubic inch] is sufficient to ex- 
pand into that bulk [the cubic foot] of steam [ 
I' and, on the contrary, the application of cold will 
I contract that large quantity of steam into this 
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small quantity of water. [One of the iron 
bottles burst at that moment.] Ah ! There is 
one of our bottles buist, and here, yon see, is a 
crack down one side an eighth of an inch in 
width. [The other now exploded, sending the 
freezing mixture in all directions.] Thia other 
bottle is also broken ; although the iron was 
nearly half an inch thick, the ice has burst it 
asunder. These changes always take place in 
water; they do not require to he always pro- 
duced by artificial means ; we only use them 
here because we want to produce a small winter 
round that little bottle instead of a long and 
severe one. But if you go to Canada, or to the 
North, you will find the temperature there out 
of doors will do the same thing as has been 
done here by the freezing mixture. 

To return to our quiet philosophy. We shall 
not in future be deceived, therefore, by any 
changes that are produced in water. "Water ia 
the same every where, whether produced from 
the ocean or from the flame of the candle. 
Where, then, is this water which we get from a 
candle ? I must anticipate a little, and tell you. 
It evidently comes, as to part of it, from the 
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oandle, but is it witMn the candle beforehand? 
No, it is not in the candle; and it is not in 
the air around about the candle which is neces- 
sary for its combustion. It is neither in one 
the other, but it comes from their conjoint 
action, a part from the candle, a part from the 
air; and this we have now to trace, so that we 
may understand thoroughly what is the chemi- 
cal history of a candle when we have it burning 
on our table. How shall we get at this? I 
myself know plenty of ways, but I want you to 
get at it from the association in your own minds 
of what I have already told you. 

I think you can see a little in this way. We 
had just now the case of a substance which 
acted upon the water in the way that Sir 
Humphrey Davy showed us,('^) and which I am 
DOW going to recall to your minds by making 
again an experiment upon that dish. It is a 
thing which we have to handle very carefully ; 
for you see, if I allow a little splash of water 
to come upon this mass, it sets flre to part of it ; 
and if there were free access of air, it would 
quickly set fire to the whole. Now this is a 
letal — a beautiful and bright metal — which 
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will do when it meets with water. It will tell 
us the story so beaatifully, so gradually and 
regularly, that I think it will please you very 
much. 

I hare here a furnace with a pipe going 
through it Ube an iron gun-barrel, and I have 
stuffed that barrel full of bright iron turnings, 
and placed it across the fire to be made red-hot, 
"We can either send air through the barrel to 
Gome in contact with the iron, or we can send 
steam from this littlo boiler at the end of the 
barrel. Here ia a stop-cock which shuts off the 

Fig. it. 




steam from the barrel until we wish to admit it 
There is some water in these glass jars, which 
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I have colored blue, so that you may see what 
happens. Now you know very wcil that any 
Bteam I might send through that barrel, if it 
went through into the water, would be con- 
densed; for you have seen that eteam can not 
retain its gaseous form if it be cooled down ; 
yon saw it here [pointing to the tin flask] 
cruahing itself into a small bulk, and causing 
the flaak holding it to collapse ; so that if I 
were to send steam through that barrel it 
would bo condensed, Buppoaing the barrel 
ire cold; it is therefore heated to perform 
le experiment I am now about to show yoa. 
I am going to send the steam through the bar- 
rel in small quantities, and you shall judge for 
yourselves, when you sec it issue from the oth- 
er end, whether it stdl remaiua steam. Steam 
is condensible into water, and when you lower 
the temperature of steam you convert it back 
into fluid water ; but I have lowered the tem- 
perature of the gas which I have collected in 
this jar by passing it through water after it 
has traversed the iron barrel, and still it does 
not change back into water, I will take an- 
Hi^her test and apply to this gas. (I hold the 
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■ward as a product of its combustion ; but when 
it bums it produces water only ; and if we take 
a cold glass and put it over the flame, it be- 
comes damp, and you have water produced im- 
mediately in appreciable quantity; and nothing 
ifi produced by its combustion but the same 
water which you have seen the flame of the 
candle produce. It is important to remember 
that this hydrogen is tlie only thing in nature 
which furnishes water as the sole product of 
combustion. 

And now we must endeavor to find some 
additional proof of the general character and 
composition of water, and for this purpose I 
will keep you a httle longer, so that at our nest 
meeting we may be better prepared for the 
subject. We have the power of arranging the 
zinc which you have seen acting upon the water 
by the assistance of an acid, in such a manner 
as to cause all the power to be evolved in the 
place where we require it. I have behind me 
a voltaic pile, and I am just about to show you; 
at the end of this lecture, its character and 
power, that you may see what we shall have to 
deaJ with when next we meet. I hold here the 
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extremities of the wires which transport the 
power from behind me, and which I shall cause 
to act on the water. 

We have previously seen what a power of 
combustion is possessed by the potassium, or the 
zinc, or the iron filings ; but none of them show 
such energy as this, [The lecturer here made 
contact between the two terminal wires of the 
battery, when a brilliant flash of light was pro- 
duced,] This light is, ia fact, produced by a 
forty-zinc power of burning ; it is a power that 
I can carry about in mj hands through these 
wires at pleasure, altiough if I applied it 
wrongly to myself it would destroy me in an 
instant, for it is a most intense thing, and the 
power you see here put forth while you count 
five [bringing the poles in contact and exhibit- 
ing the electric light] is equivalent to the 
power of several thunder-storms, so great is its 
force.(^*) Aud that you may sec what intense 
energy it has, I will take the ends of the wires 
which convey the power from the batteiy, and 
with it I dare say I can bum this iron file. 
Now this ia a chemical power, and one which, 
when we nest meet, I shall apply to water, and 
show you what resulta wc are able to produce. 
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plate comes out clean, and the plate which was 
clean cornea out coated with copper ; and thus 
yoa see that the same copper we put into this 
solution we caa also take out of it by means of 
this inBtrument, 

Putting that solution aside, let us now see 
what effect this instrument will hare upon 
water. Here are two little platioum plates 
which I intend to moke the ends of the battery, 
and this (c) is a little vessel so shaped as to 
enable me to take it to pieces, and show you its 
construction. In these two cups (a and b) I 
pour mercury, which touches the ends of the 
wires connected with the platinum plates. In 
the vessel (c) I pour some water containing 
little acid (but which ia put in only for the pur- 
pose of facilitating the action ; it undergot 
change in the process}, and connected with ths 
top of the vessel is a bent glass tube (d), which 
may remind you of the pipe which was con- 
nected with the gun-barrel in our furnace ex- 
periment, and which now passes under the 
jar (p), I have now adjusted this apparatus, 
and we will proceed to affect the water in some 
way or other. In the other case I sent the 
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■water through a tube which was made red-hot ; ' 

I am now goicg to pass the electricity through 

the contents of this vessel. Perhaps I may boil 

^L tiie water J if I do boil the water I shall get 

^B steam ; and you know- that steam condenses 

^K :when it gets cold, and you will therefore see by 

^B that whether I do boil the water or not. Per- 

^P hapg, however, I shall not bod the water, but 

produce some other effect. You shall have the 

experimeut and see. There is one wire which 

I will put to this side (a), and here is the other 

wire which I will put to the other side (b), and 

you will soon see whether any disturbance takes 

^^|ikce. Hereitia seeming to boil up famously; i 

Hfcbut does it boil? Let us see whether that 

^m Fin. ». 
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I here (at a), and the other there (at B) ; and I 
\ have little shelves with holes which I can put 
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upon each pole, and so arrange them that 
whatever escapes from the two ends of the 
battery will appear as separate gases ; for you 
saw that the water did not become vaporous, 
but gaseous. The wires are now in perfect 
and proper connection with the vessel contain- 
ing the water, and you see the bubbles rising; 
let us collect these bubbles and see what they 
are. Here is a glass cylinder (o) ; I fill it with 
water and put it over one end (a) of the pile, 
and I will take another (h), and put it over the 
other end (b) of the pile. And so now we have 
a double apparatus, witt both places delivering 
Both these jars will fill with gas. There 
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they go, that to the right (n) filling veiy 
rapidly ; the one to the left (o) filling not so 
rapidly ; and, though I have allowed some 
babbles to escape, yet still the action ia going 
on pretty regularly ; and were it not that one is 
rather smaller than the other, you would see 
that I should have twice as much in this (h) as 
I hare in that (o). Both these gases are 
colorless; they stand over the water without 
condensing; they are alike in all things — I 
mean in all apparent things ; and we have here 
an opportunity of examining these bodies and 
ascertaining what they arc. Their bulk is large, 
and we can easily apply experiments to them. 
I will take this jar (u) first, and will ask you 
to be prepared to recognize hydrogen. 

Think of aU its qualities — the light gas 
which stood well in inverted vessels, burning 
with a pale flame at the mouth of the jar, and 
see whether this gas does not satisfy all these 
conditions. If it bo hydrogen it will remain 
here while I hold this jar inverted. [A light 
was then applied, when the hydrogen burnt.] 
What is there now in the other jar? You know 
that the two together made an explosive rais- 
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down together into the jar. The wood is now 
alight, and there it bums aa wood aliould burn 




in oxygen ; but it will soon commimicate its 
combustion to the iron. The iron is now burn- 
ing brilliantly, and will continue so for a long 
time. As long as we supply oxygen, so long 
can we carry on the combustion of the iron, 
until the latter is consumed. 

"We will now put that on one side, and take 
some other substance ; but we must limit our 
experiments, for we have not time to spare for 
all the illustrations you would have a right to 
if we had more time. We will take a piece of 
sulphur: you know how sulphur bums in the 
• air ; well, we put it into the oxygen, and you 
will see that whatever can bum in air can bum 
a, a far greater intensity in oxygen, leadi 
. to think that perhaps the atmosphere itse 
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owes all its power of combuBtioti to tliis gas. 
I The sulpliur is now biiniiiig very quietly in the 
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oxygen ; but you can not for a moment mistake 
the very high and increased action which takes 
place when it ia so burnt, instead of being burnt 
merely in common air. 

I am now about to show you the combustion 
of another substance — phosphorus. I can do 
it better for you here tlian you can do it at 
home. This ia a very combustible substance ; 
and if it be so combustible in air, what might 
yon expect it would be in oxygen ? I am about 
to show it to you not in its fullest intensity, for 
if I did so we should almost blow the apparatus 
Tip ; I may even now crack the jar, though I do 
not want to break things carelessly. You see 
V it bums in the air. But what a glorious 
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fecta of combustion. If I teat it with a taper 
as I do oxygen and hydrogen, it does not burn 
like hydrogen, nor does it mate the taper bum 
like oxygen. Try it in any way I will, it doea 
neither the one thing nor the other; it will 
not take fire ; it will not let the taper bum ; it 
puts out the combustion of eveiy thing. There 

' is nothing that will burn in it in common cir- 
cumstances. It has no smell; it ia not sour; it 
does not dissolve in water; it ia neither an acid 
nor an alkali; it ia as indifferent to all our or- 
gans as it is possible for a thing to be. And 
yoii might say, " It ia nothing ; it is not worth 
chemical attention ; what does it do in the air?" 
Ah I then come our beautiful and fine reaulta 
shown us by an observant philosophy. Sup- 
se, in place of liaving nitrogen, or nitrogen 

I and oxygen, we had pure oxygen as our atmos- 
phere ; what would become of us ? You know 
very well that a piece of iron lit in a jar of ox- 
ygen goes on hurtling to the end. When you 
see a fire in an iron grate, imagine where the 

I grate would go to if tLe whole of the atmos- 

I phere were oxygen. The grate would bum up 
more powerfully than the coals ; for the iron of 
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the grate itself is even more combustible thaa 
ihe coals which we burn in it. A fire put into 
the middle of a locomotive would be a fire in 
a magazine of fuel, if the atmosphere were oxj- 
The nitrogen lowers it dowu and makes 
it moderate and useful for us, and then, with 
all that, it takes away with it the iumes that 
you have seen produced from the candle, dis- 
perses them throughout the whole of the at- 
iphere, and carries them away to places 
where they are wanted to perform a great and 
glorious purpose of good to man, for the suste- 
nance of vegetation, and thus does a most 
wonderful work, although you say, on examin- 
ing it, " Why, it is a perfectly indifferent thing." 
This nitrogen in its ordinary state is an inactive 
element; no action short of the most intense 
electric force, and then in the most infinitely 
small degree, can cause the nitrogen to com- 
bine directly with the other element of the at- 
mosphere, or with other things round about it ; 
it is a perfectly indifferent, and therefore to say, 
a safe substance. 

But, before I take you to that result, I must 
tell you about the atmosphere itself, I have 
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at it ; see how it has ^one down ; see bow it ia 
bent in ; you will see the bladder go in more 
and more, until, at last, I expect it will be 
driven in and broken by the force of the at- 
mosphere pressing upon it [the bladder, at last, 
broke with a loud report]. Now that was done 
entirely by the weight of the air pressing on it, 
and you can easily understand how that is. 
The particles that are piled up in the atmos- 
phere stand upon each other, as these five cubes 
do ; you can easily conceive that four of these 
five cubes are resting upon the bottom one, and 




if I take that away the others will all sink 
down. So it is with the atmosphere ; the air 
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.t is above is sastaiued by the air tliat is be- 

I Heath, and when the air is pumped away from 

f Ijeneath them, the change occurs which you saw 

when I placed my hand on the air-pump, and 

which you saw in ^ ease of the bladder, and 

which you shall see better here. I have tied 

I over tbis jar a piece of sheet India-rubber, and 
% am now about to take away the air from the 
inside of the jar ; and if you will watch the In- 
dia-rubber — which acta as a partition between 
the air below and the air above — ^you will see, 
^hen I pump, how the pressure showa itself. 
Bee where it is going to i I can actually put my 
hand into the jar ; and yet this result is only 
caused by the great and powerful action of the 
air above. How beautifully it shows this cu- 
rious circumstance 1 
Here is something that you can have a pull 
at when I have finished to-day. It is a little 
apparatus of two hollow brass hemiBphercs, 
closely fitted together, and having connected 
with it a pipe and a cock, through which we 
can exhaust the air from the inside; and al- 
though the two halves are so easily taken 
L apart while the air is left within, yet y 
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started, by virtue of the elasticity of the air, 
just as I pressed into the copper bottle the 
particles of air by means of the pump. Now 
this depends upon a wonderful property in the 
air, namely, its elasticity, and I should like to 
give you a good illustration of this. If I take 
any thing that conBnea the air properly, as this 
membrane, which also is able to contract and 
expand so as to give us a measure of the elas- 
ticity of the air, and "confine in this bladder a 
certain portion of air; and then, if we take 
the atmosphere off from the outside of it, just as 
in these cases we put the pressure on — if we 
take the pressure off, you will see how it will 
then go on expanding and expanding, larger 
and larger, until it will fill the whole of this 
bell-jar, showing you that wonderful property 
of the air, its elasticity, its compressibility, and 
expansibility, to an exceedingly large extent, 
and which is very essential for the purposes 
and services it performs in the economy of 
creation. 

We will now turn to another very important 
part of our subject, remembering that we have 
examined the candle in its burning, and have 
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foUDd that it gives rise to various products. 
We have the products, jon know, of soot, of 
water, and of something else, which you Lave 
not yet examined. We have collected the 
water, but have allowed the other things to go 
into the air. Let us now examine some of 
liheae other products. 

Here is an experiment which I think will 
help you in part in this way. Wo will put our 
candle there, and place over it a chimney, thus. 
I think my candle wiU go on burning, because 
the air-passage is open at the bottom and the 
top. In the first place, you see the moisture 
appearing — that you know about. It is water 
produced from the candle by the action of the 
air upon its hydrogen. But, besides that, some- 
thing is going out at the top : it is not moist- 
ure — it is not water — it is not condensible; 
and yet, after all, it haa very singular proper- 
lies. You will ficd that the air coming ont of 
■the top of our chimney is nearly sufficient to 
blow the light out I am holding to it ; and if I 
put the light fairly opposed to the current, it 
will blow it quite out. Tou will say, that is aa 
it should be, and I am supposing that you think 
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we collect it over water very easily. Then you 
know that it has an effect, and becomes white i 
in contact with lime-water; and when it does 
become white in that way, it becomes one of * 
the conatituents to make carbonate of lime or 
. limeatone. 

The next thing I irnist show yon is that it 
really does dissolve a little in water, and there- 
fore that it is unlike oxygen and hydrogen in 
that respect. I have here an apparatus by 
which we can produce this solution. In the 
lower part of this apparatus is marble and add, 
mid in the upper part cold water. The valves 
are so arranged that the gaa can get from one 
to the other. I will set it in action now, and 
you can see the gas bubbling up througli the 
water, as it lias been doing all night long, and 
by this time we shall find that we have this 
substance dissolved in the water. If I take a 
glass and draw off some of tho water, I find 
tliat it tastes a little acid to tho mouth; it is 
impregnated with carbonic acid ; and if I now 
apply a little lime-water to it, that will give us 
a test of its presence. This water will make 
the lime-water turbid and white, which is proof 
of the presence of cartonic acid. 
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Then it is a very weiglity gas; it is heavier 
than the atmosphere. I have put their respect- 
ive -weights at the lower part of this table, 
along -with, for compaTison, the weights of the 
other gases we have been examining; 

Hnt CqWeFoot. 

Hydrogen | gw- A"^- 

Oxygen 11^ H 

Nitrogen 10^ IJ 

Aic 10^ H 

CnrbDiiic acid ISJ 1-^ 

A pint of it weighs IfiJ- gra., and a cubic foot 
weighs 1-]^ oz., almost two ouncea. You can 
see by many experiments that this is a heavy 
gaa. Suppose I take a glass containing nothing 
else but air, and from this vessel containing 
the carbonic acid I attempt to pour a little of 
this gas into that glass — I wonder whether any 
has gone in or not. I can not tell by the ap- 
pearance, but I can in this way [introducing 
the taper]. Yes, there it is, you sec ; and if I 
were to examine it by lime-water, I should find 
it by that test also. I wdl take this little 
bucket, and put it doiro into the well of car- 
bonic acid — indeed, we too often have real 
wells of carbonic acid — and now, if there is any 
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carbonic acid, when it floated in it midway,] 
It is floating as the balloon floated by virtuo of 
the greater weight of the carbonic acid than of 
the air. And now, having so far ^ven you 
the history of the carbonic acid, as to its sources 
in the candle, as to its physical properties and 
wdght, when we nest meet I shall show you 
of what it is composed, and where it gets its 
elementB from. 



lA^l'LISTL 




Tdb aae Am ^^ an 
hi^ilr 1W1T— ^"^ ft 
and, I fla|)pas^ ae *™*'^^— «f limij-, 

sble peealinit7 iln^ AcBf aawfyi i 

-wick — that bexolifiil peeafisn^ vfaidi As^ud 

introdoceti iisto the laznp and made bo Taliiabl& 
To ihoBS who recerve eadi presents fixmi tlie 
East, I may jost saj that this attd each like 
materials gradaaUj undergo a change which 
gives them on the sor&ce a daH and dead ap- 
pearance; hut th^ may easily be restored Ui 
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first part of our experiment ; and now what fol- 
lowa ? The carbon which you saw flying off 
from the turpentine flame in the air is now en- 
tirely burned in this oxygen, and wo shall find 
that it will, by this rough and temporary ei- 
periment, give us exactly the same conclusion 
and result aa we had from the combustion of 
the candle. The reason why I make the ex- 
periment in this manner is solely that I may 
cause the steps of our demonstration to be so 
simple that you ean never for a moment lose 
the tr^ of reasoning, if you only pay attention. 
AJl the carbon which is burned in oxygen, or 
air, comes out as carbonic acid, while those par 
tides which are not so burned show you the 
second substance in the carbonic acid, namely, 
the carbon — that body which made the flame 
so bright while there was plenty of air, but 
which was thrown off in excess when there was 
not oxygen enough to burn it. 

I have also to show you a little more dis- 
tinctly tJhe history of carbon and oxygen in 
their union to make carbonic acid. You are 
now better able to understand this than before, 
and I have prepared three or four experiments 




tne to^wjVKamiiBiiByauLtKaBMflB' 
gree, ia order tint I may makx ifa ny i iiBml 
iBi^der. I zm about to pat Ar « M.jeea ^d 
die carbon togetba. . Th^ Ai* ii carixm (caia 
mon efaarcool pahrcxbxd) jq«vS see by As 
-w^ ID vhioh it bans in ibe air [lettzng bobb 
of the red-hot cbaicoal hH. oat fi &e eeoa- 
Ljile]. I am now aboot to bom it in caj^ea 
UBB, and look at the diSereoce. It mar appear 
■lo you at a distance as if it were burning with 
tftflame ; but it is not so. Every little piece of 
F<diarcoal is burning as a spark, and while it so 
bums it is producing carbonic acid. I special- 
ly want these two or three experiments to point 
out what I shall dwell upon more distinctly 
■by-and-by — that carbon bums in this way, aud 
f not as a flame. 

Instead of tating many particles of oftrlH)n 
[ to bum I will take a rather largo piciRii, wliioli 
I "will enable you to sec the form uud hizm, uiid Ui 
l-trace the effects very decidedly. Ucn: in llin 
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jar of oxygen, and faere is the piece of cbarcoa], 
to which I have listened a Utile piece of wood, 
which I can set fire to, and ho commeDce the 
comhustion, which I could not conveniently do 
without You now see the charcoal buming, 
but not as a Qame (or if there be a flame it is 
the smallest possible one, which I know the 
coose o£, namely, the formation of a little cso' 
book oxide close upon the surface of the cat- 
boa). It goes on buming, you see, slowly pro- 
dociDS carbonic acid by the union of this car- 
boo or charcoal (they are equivalent terms) with 
the osygen. I have here another piece of 
oharooal, a piece of bark, which has the quality 
of being blown to pieces — exploding — as it 
burns. By the effect of the heat we shall re- 
duce the lump of carbon into particles that will 
fly off; sliU every particle, equally with the 
whole mass, burns in this peculiar way — it 
bums OS a coal and not like a flame. You ob- 
BCrvo II multitude of little combustions going 
on, but no flame. I do not know a finer ex- 
neriinent tlif'i l-his to show that carbon bums 
with B fipftrk, 

HeWfc til"?"' i" carbanio acid formed from its 
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2nt3. It is produced at once ; and if we 
lined it by lime-wa.ter, you will see that 
ave the same substance ■which I have pre- 
vionsly described to jou. By putting together 
6 parts of carbon by weight (whether it comes 
from the flame of a candle or from powdered 
^E|iiarcoal) and 16 parts of oxygen by weight, 
^Bre have 22 parts of carbonic acid ; and, as we 
saw last time, the 22 parts of carbonic acid 
combined with 28 parta of lime, produced 
common carbonate of lime. If you were to 
examine an oyster-shell and weigh the com- 
ponent parts, you would find that every 50 
I parts would give 6 of carbon and 16 of osygen 
combined with 28 of lime. However, I do not 
(ffant to trouble you with these minutite ; it is 
only the general philosophy of the matter that 
we can now go into. See how finely the carbon 
ia dissolving away [pointing to the lump of 
^^larcoal burning quietly in the jar of oxygen], 
^pSfon may say that the charcoal is actually dis- 
* solving in the air round about ; and if that were 
perfectly pure charcoal, which we can easily 
prepare, there would be no residue whatever. 
tWhen we have a perfectly cleansed and purified 
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gas, which producea carbonic acid abimdaDtly ; 
you do not see the carbon, but we can soon 
show it to you. I will light it, and as long as 
there is any gas in this cylinder it will go on 
burning. You ace no carbon, but you see a 
fiame, and because that is bright it wiU lead 

I you to guess that there is carbon in the flame. 

f But I will show it to you by another process. 
I have some of the same gas in another vessel, 
mixed with a body that will burn the hydro- 
gen of the gas, but will not bum the carbon, 
I will light them with a burning taper, and you 
perceive the hydrogen is consumed, but not the 
carbon, which is left behind aa a dense black 
smoke. I hope that by these three or four ex- 
periments you will learn to see when carbon is 
present, and understand what are the prodncta 
of combustion when gas or other bodies are 
thoroughly burned in the air. 

Before we leave the eubject of carbon, let us 
make a few experiments and remarks upon its 
wonderful condition aa respects ordinary com- 
bustion. I have shown, you that the carbon, in 
burning, burns only aa a solid body, and yet 
you perceive that, after it is burned, it ceases to 
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a solid. There are very few fuela that act 
like this. It is, in fact, only that great source 
of fuel, the carbonaceous series, the coals, char- 
coals, and woods, that can do it, I do not 
know that there is any other elementary sub- 
Bianco besides carbon that bums with these 
conditions; and if it had not been so, what 
would happen to ns? Suppose all fuel had 
been like iron, which, when it bums, bums into 
a sohd substance. We could not then have 
such a combustion as you have in this fireplace. 
Hera also is another Hnd of fuel which burns 
very well — as well as, if not better, than carbon 
— BO well, indeed, as to take fire of itself when 
it is in the air, as you see. [Breaking a tube 
full of lead pyrophorus.] This substance is 
lead, and you see how wonderfully combustible 
it is. It is very much divided, and is like a 
heap of coals in the fireplace : the air can get 
to ite surface and inside, and so it burns. But 
why does it not bum in that way now when it 
is lying in a mass ? [Emptying the contents 
of the tube in a heap on to a plate of iron.] 
Simply because the air can not get to it. 
Though it can produce a great heat, the great 
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' Mod place itin one of tic tubes ; it will go on, 
yoQ a06, burning very well. You observe tbat 




the tax which feeds the fiame passes down the 
tube at one end, then goes along the horizontal 
tabe, and ascends the tube at the other end in 
which the taper is placed. If I stop the aper- 
ture through which the air enters, I stop com- 
bustion, as you perceive. I stop the supply of 
air, and consequently the candle goes out. But 
now what will you think of this fact ? In a 
fonner experiment I showed you the ^r going 
&om one burning candle to a second candle. 
If I took the air proceeding from another can- 
dle, and sent it down by a complicated ar- 
rangement into this tube, I should put this 
burning candle out. But what will you say 
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■when I tell you that my breath will put out 
that candle ? I do not mean by blowhig at all, 
but simply that the nature of my breath is such 
that a caudle can not burn in it. I will now 
hold my mouth over the aperture, and without 
blowing the flame in any way, let no air enter 
l6 tube but what eomoa from my mouth. You 
the result. I did not blow the candle out. 
I merely let the air whi<3h I expixcd paaa into 
the aperture, and the resuJt was that the light 
went out for want of oxygen, and for no other 
Teaaon. Something or other— namely, mylunga 
— had taken away the oxygen from the air, and 
there was no more to supply the combustion of 
the candle. It is, I think, very pretty to see 
the time it takes before tbd bad air which I 
throw into this part of the apparatus has 
reached the candle. The candle at first goes 
on burning, but so soon as the air has had 
time to reach it it goes out. And now I will 
show you another experiment, because this is 
an important part of our philosophy. Here 
is ajar which contains fresh air, as you can see 
by the circumstance of a candle or gas-light 
burning it, I make it close for a little time, 
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oomiK I CAD nitfaer dnnr in iitc IdiroamL^ ami 
tto mslra ttiB air that tbeds my ioags go tkEm^ 
t)w liuie-wntttr, or I i-an tbroe the uir ooK ot sEr 
langl ihmagb the mbe Is), wiiich. goes ro Un 
bottom, nnri no ^how ica e&et opoa :tie^ lim^- 
wM«r. Yon wijl ribaerve t.hat Iiow^rcr longrL 
draw t.he f-%tt?iiTial air into die lImE^-wasa; aai. 
tiwn thton^b itU> ra7laiigs,Ii<hail piodae»i»' 
effect upna the water — it will not maim dn 
limC'WRWr t.nrhid : imt if I throw the air^mMi. I 
my \xraf^ th«>»(th t,fae lime-water acTranL ames ] 
in ^nACAflsion. yon see how wtme and milk^t&E 
Wftter is i^ettiiig, showing tke >^&c£ ^^lick. as- 
pin«l ^ has liad ttpon it : and now yon begm 
to know that t.be atmospiiere whicli we bsiKr 
apoilivl !)y respinuioa is spoiled by ortifiDB 
acid, for yon see it here in contact with. liie i 
lime-water. 

I have here two botrfes, one contaJmng-Eine- 
water and the other common water, and nAeB 
whicli pass into the bottles and conoect tben. 
The apparatus ia very rough, but it b W^Ah 
AMwithstanrlin^. If 1 take these two baH^^| 
ndialmg here nwi exhaling there, the arndlH 
men* of the tubps win ffferent the air g oBi g 
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ba^ward. The air coining in will go to my 
moQth aod buigs, and in going oat mil pass 

nfl.35. 




through the lime-water, so that I can go on 
breathing, and making an experiment very re- 
fined in its natuie and very good in ita resulte. 
You will observe that the good air has done 
nothing to the lime-water; in the other caae, 
nothing has come to the lime-water but my 
respiration, and you see the difference in the 
two cases. »i ftf -■ 

Let US now go a little farther. What ia all 
this process going on -within ua which we can 
not do without, either day or night, which is 
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LECTURE ON PLATINUM, 

[Ihliacred before the Rotal Instttdtios on Fndag, 
Fiiavary 22, ISei.} 

Whether I was to have the honor of ap- 
pearing before you this evening or not seemed 
to he doubtful upon one or two points. One 
of these I will mention immediately ; the other 
may or may not appear during the course of 
the hour that follows. The first point is this. 
When I was tempted to propose this subject 
for your attention this evening, it was founded 
upon a promise, and a full intent of performing 
that promise, on the part of my friend DeviUe, 
of Paris, to come here to show before you a 
phenomenon in metallurgic chemistry not com- 
mon. In that I have been disappointed. His 
mtention was to have fused here some thirty or 
forty pounds of platinum, and so to have made 
manifest, through my mouth and my statement, 
the principles of a new process in metallurgy 
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in relation to thia beautiful, magnificent, and 
valuable metal ; but circumstances oyer ■which 
neither he nor I, nor others concerned, hare 
sufficient control, have prevented the fulfillment 
of that intention, and the period at which I 
learned the fact was so recent that I could hard- 
ly leave my place here to be filled by another, 
or permit you, who in your kindness have come 
here to hear what might be saidj to remain un- 
received in the best ma.nner possible to me un- 
der the circumstances. I therefore propose to 
state as well as I can what the principles are 
on which M. Deville proceeds, by means of 
drawings, and some subordinate or inferior ex- 
periments. 

The metal platinum, of which you see some 
very fine specimens on the table, has been 
known to us about a hundred years. It has 
been wrought in a beautiful way in this coun- 
try, in France, and elsewhere, and supplied to 
the consumer in ingots of this kind, or in plates, 
such as we have here, or in masses, that by 
their very fall upon the table indicate the great 
weight of the substance, which is, indeed, near- 
ly at the head of all substances in that respect. 
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This HTibstance has been given to us hitherto 
mainly through the philosophy of Dr.WollaB- 
ton, whom many of us know, and it is obtain- 
ed in great purity and beauty. It is a very re- 
markable metal iu many points besides its 
known special uses. It usually comes to ua in 
grains. Here is a veiy fine specimen of native 
platinum in grains. Here is also a nugget or J 
ingot, and here are some small pieces gathered 
out of certain alluvial soils in Brazil, Mexico, 
California, and the "Uralian districts of Eussia. 

It is strange that this metal is almost always 
found associated with some four or five other 
metals, most curious in their qualities and char- 
acteristics. They are called platiniferous met- 
als ; and they have not only the relation of be- 
ing always found associated in this manner, but 
they have other relations of a curious nature, 
which I shall point out to you by a reference 
to one of the tables behind me. This substance 
is always native, it is always in the metaUic 
state, and the metals with which it is found 
connected, and which are rarely found else- 
where, are palladium, rhodium, iridium, osmi- 
um, and ruthenium. Wo have the names in 
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Both the lead and the sulphur are ■wanted ; for 
the iron that is there present, as you see by the 
table, is one of the most annoying substances in 
the treatment that yoa can imagine, because it 
is not volatile ; and wbile the iron remains ad- 
hering to the platinum, the platinum will not 
flow readily. It can not be sent away by a high 
temperature — sent into the atmosphere so as 
to leave the platinum behind. Well, then, a 
hundred parts of ore and a hundred parts of 
sulphuret of lead, with about fifty parts of me- 
tallic lead, being all mingled together in a cru- 
cible, the sulphur of the suiphuret takes the 
iron, the copper, and some of the other metals 
and impurities, and combines with them to 
form a slag; and us it goes on boiling and 
oxidizing, it carries oflf the iron, and so a great 
cleansing takes place. 

Now you ought to know that these metals, 
euoh as platinum, iridium, and palladium, have 
a strong affinity for such metals as lead and tin, 
and upon this a great deal depends. Very much 
depends upon the platinum throwing out its 
impurities of iron and so forth by being taken 
np with the lead present in it. That yon may 
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yo a notion of the great power that platinum 
ha3 of combining with other metals, I will refer 
joa to a Httle of the chemist's experience — his 
bad experience. He knows very well that if 
he takes a piece of platinum-foil and heats a 
piece of lead upon it, or if he takes a piece of 
platinum-foil, such as we have here, and heate 
things upon it that have lead in them, his plati- 
num is destroyed, I have here a piece of plati- 
num, and if I apply the heat of the spirit-lamp 
toit, in consequence of the presence of this little 
piece of lead which I will place on it, I shall 
make a hole in the metal. The heat of the 
lamp itself would do no harm to the platinum, 
nor would other chemical means ; but because 
Uiere is a little lead present, and there is an 
af&nity between the two substances, the bodies 
fuse together at once. You see the hole I 
have made. It is large enough to put your 
finger in, though the platinum itself was, as 
you saw, almost infusible, except by the voltaic 
battery. For the purpose of showing this fact 
in a more striking manner, I have taken pieces 
of platinum-foil, tin-foil, and lead-foil, and roll- 
ed them together; and if I apply the blow- 
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IIm Tullsie iwciiMrgfi ^aoa^ Taper «f fiv 
miSUVlknini^iOBtiicaBBBB.] WImjbb 

i^ Wa wnr on tiw bomd ii js Kfened mm^ 
4Pf irblt yea MW when we "keMei Ae dm 
PPR. The ftae Mcean tfaat jKiQ aee nuBd 
ih*ill»ria tlw dia^isjee of tbe dectnc fane 
tful laluN pUoe, ^riog yoo Att ^onons gn^ 
lliftilwliwb j"'>aiMis Aenf; aDdlfDcTyB- 
<JiklI will (Jpen die top of the haup, joo vill eee 
tlw qnaatit; of fuBWi tiiat will oome out of tbe 
•pertOK, nbowiag joa atonoetbeTolstili^of 
aUyer. 

I liave now flnuliol tliu imperiect aoooont 
It U but on upolugy for not luTiag brought tlie 
procMW ibmir iMifore yoa. I hare done the best 
I eoul'l under the ctrctunatances, and I know 
your kindni^wi well, for if I were not aware 
that I inigUt truflt to it, I would not appear 
Luro KO oftun an 1 hovo done. The gradual loaa 
of memory and of my otlior faculties is making 
itflelf painfully evident to me, and requires, 
every time I a])poftr before you, the continued 
remembrance of your kindnesa to enable me to 






CONCLUSION. 217 

get throngli my task. K I sliotild happen to 
go on too long, or should Ml in doing what you 
might desire, remember it is yourselves who are 
chargeable by wishing me to remain. I have 
desired to retire, as I think every man ought to 
do before his Acuities become impaired ; but I 
must confess that the affection I have for this 
place, and for those who frequent this place, is 
such that I hardly know when the proper time 
has arrived. 
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